Abstract Lathyrus cicera L. (chickling pea) and L. sativus L. (grass pea) have great potential among grain legumes due to their adaptability to inauspicious environments, high protein content and resistance to serious diseases. Nevertheless, due to its past underused, further activities are required to exploit this potential and to capitalise on the advances in molecular biology that enable improved Lathyrus spp. breeding programmes. In this study we evaluated the transferability of molecular markers developed for closely related legume species to Lathyrus spp. (Medicago truncatula, pea, lentil, faba bean and lupin) and tested the application of those new molecular tools on Lathyrus mapping and diversity studies. Genomic and expressed sequence tag microsatellite, intron-targeted amplified polymorphic, resistance gene analogue and defence-related gene markers were tested. In total 128 (27.7 %) and 132 (28.6 %) molecular markers were successfully cross-amplified, respectively in L. cicera and L. sativus. In total, the efficiency of transferability from genomic microsatellites was 5 %, and from gene-based markers, 55 %. For L. cicera, three cleaved amplified polymorphic sequence markers and one derived cleaved amplified polymorphic sequence marker based on the cross-amplified markers were also developed. Nine of those molecular markers were suitable for mapping in a L. cicera recombinant inbred line population. From the 17 molecular markers tested for diversity analysis, six (35 %) in L. cicera and seven (41 %) in L. sativus were polymorphic and discriminate well all the L. sativus accessions. Additionally, L. cicera accessions were clearly distinguished from L. sativus accessions. This work revealed a high number of transferable molecular markers to be used in current genomic studies in Lathyrus spp. Although their usefulness was higher on diversity studies, they represent the first steps for future comparative mapping involving these species.
Introduction
Lathyrus sativus L. (grass pea) and L. cicera L. (chickling pea) are legume crops with considerable potential in dryland farming systems of semi-arid regions. Their ability to provide an economic yield under adverse conditions made them popular crops in subsistence farming in many developing countries, offering great potential for use in marginal lowrainfall areas [9] . Although widespread in the past, both as forage and grain crops, they are now rarely grown in Europe due to yield unpredictability and the presence of anti-nutritional substances. However, a renewed interest in its reintroduction in cropping systems in Southern Australia and North America is growing because of their high agronomic potential [8, 27, 32, 51] . In Europe, their cultivation is justified by the need to recover marginal lands, providing also an efficient alternative to the areas overexploited by cereal cultivation [24, 39, 59, 64] . Moreover, a large variation has been found in Lathyrus spp. germplasm regarding the resistance for common diseases in grain legumes [63, 64, [66] [67] [68] .
Lathyrus sativus and L. cicera are diploid (2n = 14) and primarily self-pollinated [3] . Due to Lathyrus large genome size, circa 8.2 Gb in L. sativus and circa 6.8 Gb in L. cicera (reviewed in [5] ), and little economic relevance in developed countries, not much progress has been attained on the study of the genetic control of important traits such as disease resistance, hampering the development of modern cultivars or the introgression of their interesting traits in other related species. Until now only two linkage maps using molecular markers were developed for L. sativus [12, 56] , but these maps were not informative enough to bridge that information between both of them, as reviewed by Vaz Patto et al. [65] .
Cross-species and cross-genus amplification of molecular markers is now a common strategy for the discovery of markers to use on the not so well studied species [10, 17] . Molecular markers from genomic libraries (genomic Simple Sequence Repeat, gSSRs) and/or derived from expressed sequence tags from the most important crops or model species, are now frequently used on diversity, evolutionary and mapping studies in other related species [15, 20, 33, 70, 71] . These valuable tools can also be used for comparative mapping between underused food and feed legume crops and the model species. Within the Fabaceae family, this relationship can work both ways [44, 62] : for the ''orphan'' species, well studied and phylogenetically close species can provide molecular tools for genetic and genomic studies; and in the opposite direction, underused crops such as the Lathyrus spp. can be a source of interesting genes such as biotic and abiotic resistance. From the better genetically characterized legume species [35] , Pisum sativum L. is reported as the closest related to Lathyrus, followed by lentil, faba bean, Medicago, chickpea and Lotus [1, 52, 58, 69] .
In this study we evaluated the transferability of molecular markers developed for Medicago truncatula Gaertn., P. sativum (pea), Lens culinaris Medik. (lentil), Lupinus spp. and Vicia faba L. (faba bean), to Lathyrus spp. and tested the application of those new molecular tools on Lathyrus mapping and diversity studies. This represents the first steps for future comparative mapping in Lathyrus spp.
Methods

Plant material and DNA isolation
For the cross-amplification screening two L. sativus accessions (BGE015746, BGE024709) and two L. cicera accessions (BGE008277, BGE023542), kindly provided by the Plant Genetic Resources Centre (CRF-INIA), Madrid, Spain were used. These accessions were already evaluated for resistance against rust and powdery mildew, and showed, within each particular species, contrasting phenotypes [64, 66, 67] . Cross-amplification controls used were: the P. sativum cv. 'Messire' and the P. sativum subsp. syriacum accession P665, parents of a recombinant inbred line RILs mapping population [21] [22] [23] , the L. culinaris cv. 'Armuña', the M. truncatula cv. 'Jemalong' and the V. faba accession Vf136. To validate the usefulness of transferable markers for diversity studies, 20 accessions randomly chosen of L. sativus and L. cicera (ten of each) from the CRF-INIA collection were used (Table 1) . To validate usefulness of the transferable markers in the development of a linkage map, 103 individuals from a L. cicera RILs F 5 population, segregating for several fungal diseases resistance, were used. DNA from fresh young leaves was extracted using a modified CTAB protocol developed by Torres et al. [60] .
Microsatellite markers
Two hundred twenty-seven SSRs primer pairs [38] , from which 42 expressed sequence tag microsatellite (EST-SSR) markers [7] and 185 gSSR markers (Pea Microsatellite Consortium set up by Agrogène Inc., Moissy-Cramayel, France) developed for pea, 30 primer pairs of gSSR markers developed for lentil [31] and 25 gSSR primer pairs developed for faba bean [48] were tested (see Electronic Supplementary Material 1 for sequences and optimized annealing temperature (T a )).
PCR reactions were conducted in a total volume of 15 ll using a Biometra Uno II thermal cycler, containing 20 ng of template DNA, 0.2 lM of forward primer and of reverse primer, 0.2 mM of each dNTP, 1.5-2 mM of MgCl 2 , and 0.6 units of Taq DNA polymerase (Promega, Madison, USA). The amplification reaction consisted of a denaturing step of 2 min at 95°C, followed by 35 cycles of 30 s at 94°C, 30 s at the optimized annealing temperature (T a ), and 30 s at 72°C. For the pea EST-SSRs and gSSRs and lentil gSSRs T a was optimized using as starting point the optimal temperature described for the donor species (see Electronic Supplementary Material 1). For the faba bean gSSRs T a was optimized using 58°C as initial temperature. The reaction was terminated at 72°C for 5 min. SSR fragments were resolved using a 1.5 % Seaken LE TBE agarose gel (Lonza, Rockland, USA) with 0.5 lg/l ethidium bromide and visualised using a GEL-DOC 1000 System (Bio-Rad, Hercules, USA).
Intron-targeted amplified polymorphic markers, defence-related genes and resistance gene analogues One hundred fifty-six primers pairs of intron-targeted amplified polymorphic (ITAPs) markers from M. truncatula, P. sativum and Lupinus spp. were tested on the Lathyrus spp. lines [17, 47] . These markers were developed after sequence alignments of M. truncatula and Lupinus spp. (ITAP ML) [43] , M. truncatula, Lupinus albus and Glycine max (ITAP MLG) [47] , M. truncatula and M. sativa (ITAP MP) [11] . The ITAPs from the Grain Legume Integrated Program (ITAP GLIP) were developed mainly from sequence alignments of M. truncatula and pea as referred by Ellwood et al. [17] . Additionally, primer pairs designed for 12 defence-related (DR) genes and 12 (putative nucleotide-binding site leucine-rich repeat, NBS-LRR, type) resistance gene analogues (RGAs) developed for pea [49] , were tested with the Lathyrus accessions previously described. A full list with all primers' sequence, T a and cited reference can be found in Electronic Supplementary Material 1. The molecular markers from the GLIP project are also available at the website (http://bioweb.abc.hu/cgimt/pisprim/pisprim.pl).
PCR reactions were conducted in a total volume of 20 ll, containing 30 ng of template DNA, 0.6 lM of forward primer and of reverse primer, 0.2 mM of each dNTP, 1.5-2 mM of MgCl 2 , and 1 U of Taq DNA polymerase (Biotools, Madrid, Spain). The amplification reaction consisted of a denaturing step of 5 min at 95°C, followed by 40 cycles of 60 s at 95°C, 60 s at 58-62°C, and 2 min at 72°C (see Electronic Supplementary Material 1 for sequences and T a ). The reaction was terminated at 72°C for 8 min. The amplified fragments were resolved using 2 % w/v (1 % w/v Seakem, 1 % w/v NuSieve) agarose gels in 1 9 TBE buffer. Gels were stained with ethidium bromide and photographed under UV light using the software KODAK Digital Science 1D Ver. 2.0 and 3.5.
Sequencing
All primer combinations were amplified at least two times to rule out nonspecific amplicons or the possibility of PCR failure. Primer pairs that produced a complex amplification pattern or presented non consistent amplicon sizes after the second PCR reaction were not further analysed. Primers producing one band in Lathyrus spp. of similar length to the donor species were re-amplified and resolved in a 4 % Metaphor gel (Lonza, Rockland, USA), to confirm the presence of a single band. PCR products that originated one confirmed single amplicon were purified using MultiScreen PCRl96 Filter Plate, (Millipore, Billerica, USA) and sequenced in both directions using BigDye Terminator 3 on an ABI 3730XL sequencer (Applied Biosystems). Obtained sequences were aligned against the donor sequence, using the software Geneious [16] , to confirm the amplification of the same locus.
Segregation and diversity studies
To test the applicability of the cross amplified markers for mapping and diversity studies, an M13 tail was added to the 5 0 -end of the forward primers, allowing them to be labelled with IRD fluorescence [53] , to allow resolution using a LI-COR 4300 DNA Analyzer (Lincoln, NE, USA). PCR reactions were conducted in a total volume of 10 ll For the segregation study of each assessed marker, a v 2 analysis was used to test for deviations from the expected 1:1 segregation ratio in the RIL population. For the diversity study, statistics on diversity, including number of alleles per locus, major allele frequency, gene diversity, heterozygosity and polymorphic information content (PIC) values, were computed using the software PowerMarker [37] . The proportion-of-shared-alleles distance (D psa ; [6] ) between pairs of accessions was calculated using the MI-CROSAT software [40] . Cluster analysis based on distance matrix was performed using the Neighbor-Joining algorithm as implemented in NEIGHBOR program of the PHYLIP ver. 3.6b software package [19] . The reliability of the tree topology was assessed via bootstrapping [18] over 1,000 replicates generated by MICROSAT and subsequently used in NEIGHBOR and CONSENSE program in PHYLIP.
Cleaved amplified polymorphic sequence and derived cleaved amplified polymorphic sequence markers for mapping
Using the sequence information of the cross-amplified monomorphic markers from both L. cicera RILs parental lines, restriction regions overlapping single nucleotide polymorphisms (SNPs) where detected using the Geneious software [16] in order to design polymorphic cleaved amplified polymorphic sequence CAPS markers. When there were no restriction sites suitable to design CAPS markers for the SNP screening, derived cleaved amplified polymorphic sequence (dCAPS) markers were designed using the web based program dCAPS Finder 2.0 [41]. See Table 2 for details on the SNPs, restriction enzymes, CAPS and dCAPS designed primers. PCR products were digested with the suitable enzyme (FastDigest, Fermentas), following the manufactures' instructions. Digestion products were then resolved in 1.75 % Seaken LE agarose gel (Lonza, Rockland, USA) with SYBRSafe (Invitrogen, Eugene, USA) and visualised using a GEL-DOC 1000 System (Bio Rad, Hercules, USA).
Results and discussion
This study was performed to provide new molecular tools for L. cicera and L. sativus, since the few specific molecular markers developed so far for the construction of a linkage map in L. sativus [55] were unsuitable to perform molecular studies in our Lathyrus spp. working accessions. One important constrain when using those molecular markers was that the 17 markers tested were all monomorphic between our mapping accessions of interest (BGE008277, BGE023542 and BGE015746, BGE024709) (data not shown). In order to obtain these new tools, we determined the transferability rate of different types of molecular markers developed for Lathyrus related species and tested their applicability for mapping and diversity studies in Lathyrus spp.
Transferability of microsatellites to Lathyrus spp.
EST-SSR markers (in this case only developed for pea) were the ones presenting the higher rates of simple pattern amplification on the two Lathyrus spp. (33.3 and 42.9 % on L. cicera and L. sativus respectively) from all the tested marker types (Fig. 1) . These values dropped quite dramatically when analysing the general results of the gSSR markers ( Fig. 1) . From the lentil gSSR tested, not even one marker successfully amplified one single fragment in L. sativus.
The two Lathyrus species presented very similar results when analysing the non simple patterns of amplification obtained with the pea EST-SSR and the faba bean gSSR (Fig. 1) . Both species had in general higher percentages of SSRs resulting in complex amplification pattern then failed to amplify any fragment. These differences were not so obvious in the case of the pea gSSR. In the case of the lentil gSSRs, both Lathyrus sp. had higher percentages of failed amplification (Fig. 1) .
From all the markers tested, only the pea EST-SSR PSBLOX13.2 was polymorphic between the L. sativus parental accessions (BGE015746, BGE024709), using a 4 % Metaphor gel.
The observed transferability rates across different genera of the cross-amplified microsatellites were in accordance with previous studies for EST-SSRs and gSSRs [26, 28, 45, 46, 61] . Those authors reported transferability values that varied from 18 to 78 % for EST-SSRs and 3-24 % for gSSRs. The higher transferability rate for ESTSSRs was expected due to their location in coding regions. This feature makes them more transferable than gSSRs, but also less polymorphic among individuals of the same species [26] . Since both L. sativus and L. cicera are diploid, EST-SSRs and gSSRs showing complex band patterns with more than two alleles implied that these loci arise from duplication events. In the case of EST-SSRs this may suggest the existence of multigene families [50] . In the case of the gSSRs, their location in the long terminal repeat (LTR) of ancient retrotransposons could be the reason for the complex band patterns encountered, since these regions are prone to duplications [57] .
To confirm the specificity of the amplified regions and the presence of the microsatellite motifs on the amplicons, we aligned the two L. cicera parental accessions (BGE008277 and BGE023542) and one L. sativus (BGE015746) sequenced fragments against the reference sequence from the donor species using the Geneious alignment software [16] . For the donor fragments not found in the exploited databases, amplicons from the donor species were also sequenced to allow comparison (Table 3) .
Only one cross-amplified pea gSSR loci (AA241), sequenced in the Lathyrus spp., gave rise to a significant BLAST hit, with an E-value of 3.3e-40 for L. cicera and 4.9e-38 for L. sativus, allowing comparison of the microsatellite motif with pea. Five other cross-amplified gSSR fragments lacking a BLAST hit had also to be sequenced in pea to allow comparisons. In two of these amplicons (AB111, AD160) the sequences were similar to the donor pea despite the low pairwise identity (58-72 %), because although the SSR flanking regions were conserved, a large portion of the SSR region was missing in the two Lathyrus spp. (Table 3 ). In the other three sequenced loci (AD146, D21 and SSR124) in Lathyrus spp., the amplified regions were not conserved. The sequenced amplicons of the pea EST-SSRs, producing one single fragment in L. cicera and L. sativus, showed that the cross-amplified loci were homologous to the donor species (maximum E-value = 9e-27). Identical length, confirmed by sequence alignment, was detected in two markers (PEA-ATPSYND, PSZINCFIN) when comparing pea with both Lathyrus spp. Additionally, PSGDPP had the same sequence length in pea and L. cicera. In the case of PSBT2AGEN, this fact was only detected between both Lathyrus spp. For other two pea EST-SSRs the repeat motif was maintained (PSU81287 in L. sativus and PSZINCFIN in both Lathyrus spp.). In most of the cases there was more than one mutation event in each microsatellite region (Table 3) . When comparing the mutations in those loci, only in PSGDPP the mutations were equal for both species. The most common mutations in the microsatellite motifs were deletions (57.1 %) ( Table 3) .
Transferability of intron-targeted amplified polymorphic markers, defence-related and resistance gene analogues to Lathyrus spp.
Differences in the transferability rates among ITAP, DR and RGA markers were much less pronounced than between EST-SSR and gSSR. Both Lathyrus spp. had very similar results in the transferability rates of each of these particular molecular marker types (Fig. 2) . The majority of the tested markers resulted in one single fragment amplification with the highest rates for the ITAP markers (58 % in both Lathyrus sp.), follow by the pea DR (58 %) and finally the pea RGA (50 %) (Fig. 2) . Few of the tested markers failed to amplify in both Lathyrus sp., but 25-40 % of each marker types resulted in a complex pattern of amplification (Fig. 2) . Thirteen ITAPs presented a direct polymorphism between two of the parental accessions tested, four only in L. cicera and eight only in L. sativus (Electronic Supplementary Material 1) . Additionally, one ITAP (Lup280) was polymorphic between both species' parental accessions.
From the 58 ITAP markers giving a single amplicon in L. cicera that were sequenced, 28 presented high homology ([70 % identity) with the donor sequence (Electronic Supplementary Material 2). In addition, 10 ITAP amplicons had a BLASTn hit with low pairwise identity (below 70 %). The reason for this was that the sequence present in the NCBI database is an mRNA molecule that, when aligned with our genomic sequence, misses the intronic region. Nevertheless, five other ITAP amplicons, presenting large insertions or deletions in one or two sections, were considered as positive hits, since the aligned exonic regions were highly conserved. All these L. cicera amplicons were BLASTed against the NCBI database, where 55 (94.8 %) presented an E-value \ 1e-10 (Electronic Supplementary Material 2).
From the 61 ITAP marker fragments sequenced in L. sativus (Electronic Supplementary Material 2), 43 where considered homologous to the donor species, 25 of which presenting a high pairwise identity ([70 %) (comparison between DNA and RNA). All the amplicons were BLASTed against the NCBI database, where 95.1 % presented an E-value \ 1e-10 (Electronic Supplementary Material 2) .
Not all amplified sequences from the DR and RGA could be compared to the reference donor species due to the lack of information about the donor' sequence in databases and the failure to be sequenced after several attempts. The ones that could be compared (three DRs and two RGAs) showed a pairwise identity above 70 % (Electronic Supplementary Material 2) . Nevertheless all the cross-amplified DR and RGA amplicons had a significant BLAST hit (maximum E-value = 1.34e-38). From the DR and RGA markers originating one single amplicon (Fig. 2) , just the DR DRR230-d presented a direct polymorphism between the L. sativus parental accessions.
Usefulness of cross amplified markers on Lathyrus spp. linkage mapping
In order to access the usefulness for linkage mapping, the successfully cross-amplified markers, were analysed for size polymorphism and SNPs among the Lathyrus parental accessions. Segregation ratios of polymorphic markers were then tested in a L. cicera RILs population segregating for rust and powdery mildew. From the transferable markers, one EST-SSR, one DR and nine ITAPs presented direct size polymorphism between the parental accessions of the L. sativus mapping population (Electronic Supplementary Material 1) . Additionally five ITAP markers were size polymorphic between the L. cicera parental accessions (Electronic Supplementary Material 1) and were used to screen the L. cicera RILs mapping population. In this screening all the molecular marker segregations presented a v 2 value between 0.08 and 1.52 (a = 0.05) confirming that the segregation ratios were not deviating from the expected 1:1 segregation (Table 4) .
For the markers presenting identical microsatellite length in L. cicera (Electronic Supplementary Material 2), 29 fragments amplified in both parental accessions were sequenced and aligned to detect SNPs and design CAPS. When no restriction sites were associated with SNPs, dCAPS markers were designed to allow their scoring in the L. cicera RILs population. The high sequence similarity existing among the accessions of L. cicera decreased the probability of detecting SNPs. Potential sequencing errors or a low GC content in the amplicon region, further hampered the design of suitable primer pairs. As result, just 10 fragments containing SNPs were detected and for only nine of these it was possible to design CAPs or dCAPS markers. From the seven CAPs identified in five fragments and six dCAPS developed for other five fragments (Table 2 ) only three and one markers respectively, were suitable to be screened in the RILs L. cicera population and presented a 1:1 Mendelian segregation ( Table 4) .
The other four CAPs failed to give clear polymorphisms in the parental accessions and the other five dCAPS did no amplified at all or there was no cleavage of the amplicon ( Table 3 ). All of these unsuitable markers were not screened in the RILs.
The use of alternative SNP screening approaches (such as dHPLC, ecoTILLING or TaqMan) not depending on specific sequences for restriction endonucleases would have allowed the identification of a higher number of SNPs to genotype in the L. cicera segregation population. The inclusion of codominant molecular markers, as the ones here identified, on the Lathyrus spp. linkage maps will allow the future identification of chromosomal rearrangements with different donor species. The utility of transferable markers to access macrosynteny [17, 34, 47] and microsynteny [25, 30] in related and distant species have been already shown by several previous studies.
Usefulness of cross amplified markers on Lathyrus spp. diversity studies
In order to assess the utility of the cross amplified markers for diversity studies a set of selected gSSRs, EST-SSRs and ITAPs were tested ( Table 5) . One of the selected gSSRs markers amplified in the Lathyrus sp. revealed a sequence very similar to the donor pea species although a large part of the microsatellite region was missing. As a result, the pea amplicon was almost double than that of the Lathyrus accessions and displayed a low pairwise identity value (AD160-58 %). A second selected gSSR marker had a similar size and a higher pairwise identity value when comparing to the donor pea (AA241-73 %). The selected ITAPs and EST-SSRs displayed a similar size when compared with the donor species. In total, 2 EST-SSRs, 2 gSSRs and 13 ITAPs, were tested in 20 random Lathyrus spp. individuals, 10 L. cicera and 10 L. sativus.
For four of the seven monomorphic markers in both species (Table 5) , L. cicera presented a different allele to L. sativus (AA241, AD160, LG054 and mt_00495_01_1). Using the selected markers, the higher polymorphic information content (PIC) was observed for the L. sativus accessions (mean = 0.174). Two markers were highly informative for L. sativus (Pis_GEN_21_1_1 and PSBLOX13.2) with a PIC [0.6. For the L. cicera accessions under study there was no heterozygosity detected which explains the lower PIC values obtained (mean = 0.110) ( Table 5) .
The diversity analysis of the cross-amplified molecular markers presented here, clearly distinguishes between L. cicera and L. sativus individuals (Fig. 3) . Among L. cicera accessions, the genetic distance (D PSA ) varied from 0.000 to 0.435, with a mean value of 0.167. Among L. sativus accessions, the distance varied from 0.065 to 0.375 with a mean value of 0.203. A total of four (BGE001043, BGE001164, BGE023542, BGE023558) and two (BGE022223, BGE027064) indistinguishable accessions were observed, all from L. cicera. The mean genetic distance between species was 0.817 ranging from 0.782 to 0.877. Also, the mapping parental lines from the L. cicera RIL population (BGE008277 and BGE023542) were well separated in the Neighbour-Joining tree.
Previous studies on Lathyrus diversity employed a range of different molecular markers like random amplified polymorphic DNAs (RAPD) [14] , isozymes [4, 13, 29] , inter-simple sequence repeats (ISSR) [2] , amplified fragment length polymorphisms (AFLP) [36, 59] and also ESTSSRs [36, 54] . In contrast with the only work analysing L. sativus accessions [14] , the present study, using the set of selected cross-amplified molecular markers, managed to distinguish all L. sativus accessions. Nevertheless this comparison should be made with caution since more individuals from each accession and a different molecular marker type (RAPD), known for their higher polymorphism rate, were used on the previous study. When comparing with the isozyme analysis reported by GutierrezMarcos et al. [29] , similar Nei's [42] genetic identity average values were obtained between the accessions from Iberian origin (0.888) and the ones considered in this work (0.864 for L. cicera and 0.886 for L. sativus), thus confirming the existence of high genetic diversity and a good representation of the Lathyrus Iberian germplasm diversity in our 20 accessions. To our knowledge, only two studies using cross-amplified EST-SSRs in Lathyrus have been reported so far. One of them used EST-SSRs developed for M. truncatula to access the diversity in Ethiopian L. sativus populations [54] and the second used EST-SSRs developed for L. japonicus to discriminate between different L. sativus accessions from Italian origin [36] .
Our work expand upon the previous works in two ways; first, by testing the cross-amplification of a much higher number of different types of markers from different related legume species and, second, all of the cross-amplified SSRs and most of the ITAPs, DRs and RGAs were confirmed by sequencing in order to verify the correspondence between the donor and the target species sequences.
Conclusions
This paper describes the transferability of molecular markers from M. truncatula, Pisum sativum, Lens culinaris, Lupinus spp. and Vicia faba to Lathyrus spp. for their application in mapping and diversity studies. Cross-genera amplification of molecular markers provides an alternative for the development of new molecular markers on understudied genus. The increase availability of public legume resources constitutes an efficient and cost-effective source of molecular markers for use in Lathyrus breeding and genetics. Nevertheless, one of the primary factors limiting broader cross-markers applications is the unsuccessful amplification of homologous products across species. It is therefore, advisable to know the sequence of the amplified fragments if the objective is to draw conclusions about equivalent genomic regions between species.
Our results revealed quite high marker transferability among the above mentioned legume species. The number of transferred markers would likely improve by using mainly markers developed from expressed sequences. EST-derived SSRs, which can easily be extracted from EST databases, can be successfully used for this purpose. They will also have a higher probability of being in linkage disequilibrium with genes/QTLs controlling economic traits, thus proving relatively more useful for studies involving marker-trait association, QTL mapping and genetic diversity analysis.
Additionally in the future, due to the constant diminishing sequencing costs, specific L. cicera or L. sativus genomic libraries will also provide gene based molecular markers (EST-SSRs and SNP markers) for these species. These new markers could be annotated using the information already available for related species such as M. truncatula or Glycine max, or mapped on other major legume crops linkage maps not yet totally sequenced as pea, faba beans and chickpea, as a natural complementation of the now generated marker information.
Our outcomes have increased the number of molecular markers available for Lathyrus species, and particularly for our L. cicera and L. sativus crosses which did not had yet useful codominant markers for developing a linkage map useful in future genetics studies. A Lathyrus linkage map containing these cross-amplified markers will establish the basis to enable future comparative mapping across legume species.
